of their condition, and interpersonal and technical aspects of care. 2, 17, 19 Of these, patient expectations are among the most important factors contributing to patient-reported satisfaction with medical care. 1, 15, 23 For example, studies demonstrate that when patients present to their physician intending to request specific tests or expecting to undergo certain tests, and these services are not provided, patient satisfaction decreases. 1 Additionally, patients with low satisfaction and unmet expectations report less of an intention to adhere to physician advice, and have a greater tendency to use the health care system. 22, 23 In the present study, we demonstrate the existence of misconceptions potentially leading to unmet expectations in the treatment of lumbar spondylosis. Identifying and addressing these misconceptions are critical components for improving communication and education between physicians and patients and can aid in circumventing many barriers to providing informed, quality health care. Furthermore, given the rising prevalence of patient-reported subjective outcome measures, it is becoming increasingly important to acknowledge and address these misconceptions to better manage expectations and to educate both patients and referring physicians about degenerative spinal disorders.
methods

Study participants
This study was approved by and performed in accordance with the University of Michigan Institutional Review Board under a quality improvement exemption. Surveys were distributed to all new patients referred to a single neurosurgeon (L.J.S.Y.) for evaluation of spinal spondylosis between June 2012 and April 2013. All patients presented with a chief complaint of "back pain" with or without leg pain. Patients were excluded if they had any prior interaction with the surgeon.
data collection
The survey contained 6 multiple-choice questions designed to assess patient understanding regarding lumbar spondylosis (Table 1) . For the first 2 questions concerning radiological imaging, survey participants who chose more than 1 answer were excluded from the analysis. For the remaining questions concerning the risk and effectiveness of various treatment options, survey participants who chose both answers were considered to believe both treatment options were equally risky/effective. Demographic data were also obtained, and proximity to the fungal meningitis outbreak linked to contaminated spinal injections was recorded, as this was believed to be a possible confounding variable.
Statistical analysis
Descriptive statistics included patient demographics and questionnaire responses. Patients were divided into groups according to demographic variables: age, sex, education (high school, college, graduate/professional school), history of back surgery, and date of survey completion (relative to the selected meningitis outbreak date). For group comparison of continuous variables such as age, the Student t-test was used. Chi-square tests were used for the remaining categorical variables. All statistics were performed using SPSS software (version 21, IBM Inc.), and p values less than 0.05 were considered statistically significant.
results
A total of 121 surveys were analyzed. Table 2 displays patient demographics. Mean patient age and standard deviation was 54 ± 16 years. Sex and patient education level were relatively evenly distributed, and participants with a history of prior back surgery represented one-third (32%) of survey respondents.
Demographic distributions of the survey responses for the first 2 questions are presented in Tables 3 and 4 . In response to the first question, "Would you be willing to undergo surgery if your MRI reports abnormalities, even if you do not have any symptoms?," 114 surveys revealed Of the 59 patients stating they would have surgery based on an MRI abnormality, 19 (32%) indicated they had previously received back surgery (Table 3) . For the question regarding x-ray abnormalities, 13 (28%) of the patients who responded affirmatively had previously undergone back surgery (Table 4) . A combined analysis of the responses to the 2 questions concerning radiological imaging revealed a statistically significant correlation (p < 0.0001) between responses to the first and second questions (Table 5) . A total of 114 respondents answered both questions concerning their willingness to undergo surgery based on radiological findings. Forty-six patients (40%) indicated that, in the absence of symptoms, they would undergo surgery based on either x-ray or MRI abnormalities, while 54 (47%) would not. Among the minority of patients responding differently to the 2 radiological questions, 13 patients (11%) reported they would have surgery based on MRI abnormalities but not x-ray abnormalities (Table 5 ). There was no significant relationship between the combined patient responses to the 2 radiological questions and any of the demographic variables.
In addition to questions concerning patient response to radiological abnormalities, patients were asked questions regarding treatment of low-back pain. The first of these questions was, "Which is more effective to treat back pain (not leg pain)-back surgery or physical therapy?" Among the 109 participants who answered this question, 66 (61%) believed physical therapy was more effective, 36 (33%) believed back surgery was more effective, and 7 (6%) believed both treatments were equally effective (Table 6 ). Among the patients who believed back surgery was more effective, the majority were men. However, 86% of those who believed both treatments were equally effective were female (p = 0.047). Patients with high school education levels accounted for 50% of those who believed back surgery was more effective and 71% of those who believed both treatments were equally effective (p = 0.048). Finally, patients with a history of back surgery accounted for 42% of those who indicated that back surgery was more effective, 26% of those who believed physical therapy was more effective, and 71% of patients who thought both treatments were equally effective (p = 0.026).
Patients were also asked to indicate whether they believed that surgery or injections carried more risk, and 116 responses to this question were recorded and analyzed. Most patients (78%) believed that back surgery was riskier. Twenty patients (17%) believed back injections were more dangerous, and 5 patients (4%) believed that the treatments were equally risky. No significant relationship was found between any of the demographic variables and response to this question (Table 7) . Of the 20 patients responding that back injections were riskier, 10 (50%) had undergone back surgery previously (Table 7) . Finally, in all questions, no significant association was found between the fungal meningitis outbreak and patient response.
discussion
Evaluations of health care outcomes are becoming increasingly important in clinical research and the national health care reform movement, particularly with respect to how health care quality is being measured and Pay-forPerformance initiatives. 12, 23 Recently there has been an increased focus on examining subjective and nontechnical dimensions of the patient experience, such as satisfaction and patient expectations. These investigations have begun to analyze patient perception both as a factor in determining clinical outcomes and as a measure of health care quality and physician performance. A number of studies have already demonstrated that patient satisfaction can directly and indirectly affect clinical outcomes.
1,2,22 Although patient satisfaction likely depends on a number of different factors, it has been shown to be highly dependent on patient expectations for medical care. 1, 15, 23 Previous research has shown that patients with one or more unmet expectations during a clinical encounter report reduced satisfaction, less clinical improvement, and decreased intention to adhere to physician recommendations. 1 Thus, existing misconceptions and unrealistic expectations have the potential to alter patient satisfaction, the quality measures that measure it, and clinical outcomes themselves.
To better understand the prevalence of patient misconceptions in a general neurosurgery clinic, we administered a simple 6-question survey analyzing patient beliefs regarding the role of imaging findings in the context of appropriate treatment as well as relative effectiveness and risk of common treatment options for lumbar spondylosis. Our study demonstrated the existence of a number of misconceptions concerning the diagnosis and treatment of lumbar spondylosis within a patient population evaluated for neurosurgical consultation. These results are supported by previous research showing that misconceptions about lumbar spondylosis and its treatment are widespread and that many spondylosis patients have unrealistically high expectations for diagnosis and treatment. 4, 7 When treatment courses and clinical outcomes fail to meet these expectations, patients may be left feeling unsatisfied with their care. Furthermore, there is some evidence that positive patient expectations for recovery are related to better outcomes. 16, 22 One aspect of our survey specifically aimed to assess patient beliefs concerning the results of radiological imaging studies. With respect to treatment guidelines, the relationship between abnormalities in the lumbar spine and low-back pain is controversial. Given the high prevalence of radiological abnormalities and back pain, the discovery by MRI of bulges or protrusions in patients with low-back pain may frequently be coincidental. 9 Thus, the decision to use invasive treatment in cases of lumbar spondylosis must be based on a preponderance of evidence, including thorough clinical assessment. Despite these general guidelines, our survey study showed that 40% of patients would elect to have surgery based on the results of either an MRI or radiographic imaging study in the absence of any symptoms. A smaller subset of survey respondents (11%) indicated that they would undergo surgery based on MRI abnormalities but not those found on radiography.
Previous research has shown that patients highly value the results of radiological studies. A 2000 study concerning the views of patients with back pain found that a large pro- portion of these patients rated radiological images as very important. 18 More specifically, a study of patient education aids found that 70% of patients believed CT or MRI results were more important than a physician's examination in deciding the appropriateness of surgical intervention. 3 One reason for the perceived importance of radiological tests may be that patients harbor unrealistic expectations for the diagnostic capabilities of such tests. A Norwegian study found that 42% of respondents believed that x-ray and other imaging tests can always identify the cause of back pain. Furthermore, this study showed that while other back pain-related "myths" are fading, those concerning the use of imaging tests may actually be increasing. 7 These data indicate that many patients present at clinic with a number of aberrant beliefs and expectations concerning the use of diagnostic imaging. Failure to meet these expectations may lead to decreased patient satisfaction, which itself can lead to poorer clinical outcomes and provider performance reviews. This presents physicians with a difficult situation as they try to reconcile attempts to provide sound medical advice with the need to meet patient expectations.
In addition to surveying patient beliefs on the use of radiology, we also examined patient beliefs regarding the relative risk and effectiveness of various treatments for low-back pain. Presently, there is no conclusive evidence whether nonoperative management or surgery is most effective for back pain due to disc degeneration. Given its invasiveness, surgery is typically recommended for patients who fail nonoperative management, including physical therapy and/or injections. Thirty-three percent of our respondents indicated they believe back surgery is more effective for the treatment of back pain (not leg pain) than physical therapy. While the cause of this misconception is complicated and multifactorial, misinformation from other physicians, incorrect interpretation or recall of provider information, and patient-performed research may play a role.
14 A lumbar spondylosis study from the United Kingdom found that patients who had visited a general practitioner expressed more misconceptions concerning spondylosis and its treatment than those who had not. The study additionally found that those who consulted with a general practitioner were often not reassured by their consultation and maintained their misconceptions. 10 A separate study found that patients with spondylosis are often highly dissatisfied with the amount and quality of information they are provided by physicians.
14 This may prompt personal efforts by the patient to seek information on their own from the Internet and other sources, further complicating the confusion.
In agreement with current treatment guidelines, most patients responded that back surgery was riskier than back injections. However, 17% of survey respondents indicated that back injections are risker than back surgery. Risk perception studies have found that patients use a number of cognitive processes in the assessment of risk, many of which are inherently biased. Literature on the subject of patient perception of risk has shown that people's interpretation of risk information is guided primarily by heuristics. People judge events that are more easily brought to mind as more probable. 13, 20 In this view, mental associations with surgical imagery may be the reason for the perceived risk of surgery. Additionally, research has shown that patients may reduce risk to a simple categorization as either dangerous or safe. Patients indicating that back injections are riskier may have simply categorized them as such at a given point and have not since reevaluated their judgment. The framing and style of the presentation of risk information has also been shown to affect risk perception. Finally, patients are also simply prone to forget much of the risk information presented. 13 Interestingly, for every question asked, patients with a previous history of back surgery continued to harbor many of the same misconceptions as new patients, despite the fact that these patients had already undergone consultation leading up to their previous surgery. Patients with a history of prior back surgery accounted for nearly a third of the respondents who indicated they would have surgery based on radiological abnormalities in the absence of any symptoms. Patients who had experienced back surgery also accounted for half of the respondents that believed back injections were riskier than back surgery, and nearly half of those who believed back surgery was more effective than physical therapy for the treatment of back pain. Previous research has shown that patients with higher grades of pain more strongly believed that all back pain patients should receive radiological testing and held more misconceptions than patients with lower pain grades. 4 Patients with back pain requiring prior surgery may have more pain and thus be prone to more misconceptions than patients with new back pain. As discussed above, studies have also cited conflicting information from various health care providers as a potential source of patient misconceptions. 14 Patients with a history of back surgery likely consulted many health care providers in the course of their treatment and may be more susceptible to misconceptions stemming from providers. Finally, providing adequate information to patients remains a crucial and unresolved issue in the treatment of lumbar spondylosis. 6 Therefore, many of these repeat patients may have simply not received adequate information during prior consultations.
While the extent of the misconceptions demonstrated here and their sources are likely complex, their existence signals a general need for more effective provider-patient communication. A review of studies on physician-patient communication and health outcomes found that the quality of communication during patient visits influenced health outcomes such as patient emotional health, symptom resolution, and pain control. 21 A separate review showed that more effective communication improved patient recall of information, adherence to recommendations, and attendance at clinical appointments. 5 Additionally, providerpatient communication has been shown to affect patient satisfaction itself. While it is difficult to define what constitutes "enhanced communication," increased consultation length, information booklets, patient coaching, and informational videos have all been used with some success. 21 There are some potential sources of error and limitations to the present study. First, the population surveyed in our study was rather small, limiting our ability to draw concrete conclusions from the data. However, patient demographics were similar to those of the general population, and we feel provide a representative sample. The am-biguity of the questions may be considered a limitation, but it allowed the investigators to elicit unguided perceptions from the surveyed patients. Questions were designed to ensure clarity by being concise, straightforward, and multiple choice, although we understand that the multiple-choice nature of the questions may have excessively limited the scope of patient response. More importantly, while this study was designed to highlight the existence of a number of misconceptions concerning back pain and its treatment, the factors contributing to these misconceptions will be important to elucidate. Further research is necessary to determine the major influences contributing to patient understanding of this condition, and is the subject of current analysis.
conclusions
A large and complex disparity exists between patient understanding of degenerative spinal disease and current medical knowledge of spine pathology and indications for surgery. A large percentage of patients indicated they would elect to have surgery based on the results of radiological studies in the absence of any symptoms. Furthermore, a significant portion of patients harbored misconceptions regarding the relative risk and effectiveness of various low-back pain treatments. Finally, these misconceptions persisted in patients with a prior history of back surgery. Although the data presented here are preliminary, the implications of such results are significant. These results show that a surprisingly high percentage of patients have misconceptions regarding surgical treatment. This lack of understanding may not be specifically addressed in the surgical consultation, leaving the patient with a perception of unmet expectations and decreased patient satisfaction.
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